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ABSTRACT
Background: During laparoscopic appendectomy, several methods and devices can be used to close the
appendicular stump, such as endoloops, linear staplers, clips, and open purse-string sutures. The Double-
shanked Titanium Ligation Clip® (DS clip; B. Braun Aesculap, Tuttlinger, Germany), a new device that can
be used to close the appendicular stump, was approved for use in Japan in March 2015. We report a case of
effective appendix stump closure using DS clips.
Case presentation: An 81-year-old man was admitted to our hospital with complaints of severe pain in the
right lower quadrant of the abdomen. Abdominal contrast-enhanced computed tomography showed a thick-
ened appendix (1.7 cm in diameter) with fecal stones, while acute inflammatory signs were visible around
the appendix. He was diagnosed with acute appendicitis for which laparoscopic appendectomy was per-
formed with a curative intent. It was difficult to mobilize the cecum because of inflammation, so we
attempted to use DS clips instead of linear staplers. A histological examination revealed gangrenous appen-
dicitis. The patient’s postoperative course was uneventful and he was discharged 10 days postoperatively.
We also used DS clips to close the appendicular stump in 12 other cases. We observed no intra- or postoper-
ative complications and no cases of mortality.
Conclusion: The management of an appendicular stump using DS clips during laparoscopic appendectomy
was simple, safe, and cost-effective. DS clips may be an alternative method to linear staplers.
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Appendicitis is the most common cause of surgical
abdominal pain in all age groups. Therefore, appendec-
tomy is the most frequent emergency operation1,21).
There is some evidence that laparoscopic appendectomy
is more efficient and superior than open appendectomy
in that it results in a shorter hospital stay, less postoper-
ative pain, and a decreased incidence of surgical site
infections3,8,16). However, some studies have indicated
that it results in higher surgical costs5,8,9,14). In laparo-
scopic appendectomy, several methods and devices can
be used to close the appendicular stump, such as endo-
loops, linear staplers, clips, and open purse-string
sutures. However, which of these methods is the most
effective remains under debate11,15,20). We recommend
the use of an open purse-string suture to close the
appendicular stump due to its cost-effectiveness and
intraperitoneal removal of foreign bodies13). In obese
patients or cases of intra-abdominal adhesions, it is diffi-
cult to mobilize the cecum, so we often use a linear sta-
pler despite its higher cost.
A new device that can close the appendicular stump,
the Double-shanked Titanium Ligation Clip® (DS clip; B.
Braun Aesculap, Tuttlinger, Germany) was approved in
March 2015 for use in Japan. This new device is made of
pure titanium, a biocompatible implant material that
leads to high tissue adaptation as well as a constant and
high closing force. The design of the DS clip is character-
ized by two parallel and interconnected shanks that can
prevent clip scissoring. Additionally, a latch at its tip can
prevent tissue slippage (Figure 1).
Here we report a case in which we effectively per-
formed appendix stump closure using DS clips.
CASE PRESENTATION
An 81-year-old man was admitted to our hospital with
complaints of severe pain in the right lower quadrant of
the abdomen that persisted for >24 hours in October
2015. His medical history included hypertension, alco-
holic hepatopathy, and post-distal gastrectomy. Upon
admission, tenderness, Blumberg’s sign, and involuntary
guarding were evident over the right lower quadrant.
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Additionally, the patient was febrile with a temperature
of 39°C. Laboratory tests showed the following: C-
reactive protein, 21.66 mg/dl (normal range, 0–0.30
mg/dl); and white blood cell count, 14,550/mm3 (range,
3,300–8,600/mm3). Abdominal contrast-enhanced com-
puted tomography (CT) showed a thickened appendix
(1.7 cm in diameter) with faecal stones. Acute inflamma-
tory signs were visible around the appendix (Figure 2).
Following the diagnosis of acute appendicitis, laparo-
scopic appendectomy was performed with curative
intent. The operation followed a standardized course. A
three-trocar approach was used, with a 12.5-mm camera
trocar in the umbilicus, a 5-mm trocar in the upper right
abdomen, and a 10-mm trocar in the lower left abdo-
men. Intestinal expansion obstructed a good view of the
appendix, the body of which was perforated. It was diffi-
cult to mobilize the cecum due to inflammation. We
attempted to use a DS clip since the appendix was not
fragile. After the mesentery of the appendix was cut with
a laparoscopic coagulation shear, a DS clip was placed on
the base of the appendix. Another clip was placed on the
distal portion (Figure 3). After the area between the clips
was severed, the specimen was excised from the abdo-
men. Macroscopically, the base of the appendicular
stump was 16 mm. A histological examination revealed
gangrenous appendicitis. The patient’s postoperative
course was uneventful and he was discharged 10 days
postoperatively.
DISCUSSION
Appendicitis is the most common cause of acute
abdominal pain. Between January 2014 and September
2016, 113 patients underwent laparoscopic appendec-
tomy for acute appendicitis at the Chugoku Rousai Hos-
Figure 1 Double-shanked Titanium Ligation Clip. Picture
reprinted with permission from Aesulap AG (Tuttlingen, Ger-
many).
pital, Hiroshima. We often first attempt to use an open
purse-string suture to close the appendicular stump. In
obese patients or cases of intra-abdominal adhesions, we
use a linear stapler instead. Since receiving approval in
March 2015 in Japan, DS clips have been selected as an
alternative to linear staplers.
It is important to choose the proper device to close the
appendicular stump during laparoscopic appendectomy
to prevent the occurrence of serious postoperative com-
plications. During laparoscopic appendectomy, several
methods and devices are available to close the appendic-
ular stump, such as the endoloop, liner stapler, metal or
polymer clips, and open purse-string suture. The best
among them, however, remains controversial11,15,20).
A laparoscopic linear stapler is frequently used to close
the appendicular stump. One study reported that this
method is the safest but also most expensive option15).
Meanwhile, an endoloop is less expensive than a stapler
but more technically demanding and requires laparo-
scopic sewing experience6). Chikamori et al. suggested
that ligation of the appendicular root should be only
moderately tight to prevent an ischemic change in the
stump as indicated by discoloration or oedema4).
In recent years, clips have been suggested as an alter-
native method to closing the appendicular stump during
laparoscopy. Some reports have presented the results of
Figure 2 Abdominal contrast-enhanced computed tomo-
graph showing a thickened appendix (1.7 cm in diameter)
with fecal stones and acute inflammatory signs around the
appendix (arrowhead).
Figure 3 Intraoperative view of Double-shanked Titanium
Ligation Clips used during laparoscopic appendectomy.
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non-absorbable polymeric clips, called Hem-o-loks,
showing that polymeric clips reduced costs and produced
comparable complication rates. However, the use of this
polymeric clip is limited and depends on inflammatory
severity and appendicular base diameter2,7,10,18,22). Recent
non-randomized studies concluded that the polymeric
clips could be used in cases with an appendix base of up
to 10 mm and that an endoloop could be used in cases of
an appendicular base of up to 15 mm12,17). The inflamed
appendix is often thicker, so use of this application is
limited.
The DS clip can solve these problems. The use of DS
clips instead of linear staplers reduces costs. The price of
a set of four DS clips is approximately 7,800 ¥, whereas a
stapler costs 28,000 ¥ and two endoloops cost 8,666 ¥.
Furthermore, DS clips could be used in cases of an
appendicular base of up to 20 mm19).
In our hospital, we previously attempted to use the DS
clip in obese patients or in cases involving intra-
abdominal adhesions or intestinal expansion due to
inflammation since it is difficult to mobilize the cecum.
We used a DS clip to close the appendicular stump perio-
peratively in 12 cases after the DS clip received approval
(Table 1). In these cases, the cecum could not be mobi-
lized due to intra-abdominal inflammatory adhesions
(six cases), intestinal expansion (four cases), and obesity
(two cases). There were no postoperative complications
in these cases. The median hospital stay was 10 days.
Rickert et al. recommended the use of DS clips for
appendicular stump closure due to the safety and effec-
tiveness of the titanium used in its design19). Of the 390
patients who were treated using a DS clip, 37 adverse
events were reported. Superficial wound infections were
found in nine (2.31%) patients, intra-abdominal
abscesses in five (1.28%) patients, appendicular stump
leakage in one (0.26%) patient, and other adverse events
in 22 (5.64%) patients. Strzałka et al. also compared the
results of minimally invasive appendectomies performed
using a linear stapler, DS clip, and invaginating
sutures23). In doing so, they found that the shortest hos-
pital stay and lowest complication rate occurred in
patients whose treatment included the use of a DS clip.
Meanwhile, the DS clip should be used carefully in cases
in which inflammation spreads to the cecum. As a for-
eign body, the DS clip may cause significant allergic reac-
tions or mechanical small bowel obstruction13,24). The
long-term postoperative course has not been fully descri-
bed in the reported cases, so further investigations of
patients treated with a DS clip are necessary.
In conclusion, here we reported a case of effective
appendicular stump closure using DS clips. Thus, DS
clips can be an alternative method to staplers in certain
circumstances.
CONCLUSIONS
We used DS clips to close the appendicular stump dur-
ing operation in 12 cases. We observed no cases of intra-
operative complications or mortality. No postoperative
complications were observed in 12 cases. The manage-
ment of an appendicular stump using DS clips during
laparoscopic appendectomy was simple, safe, and cost-
effective. DS clips can be an alternative method to linear
staplers.
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Table 1 Cases treated using a Double-shanked Titanium Ligation Clip (DS clip)
Case Age/sex Body massindex
Surgical time
(min)
Length of hos-
pital stay
(days)
Histological examination Indication for DS clip use Postoperativecomplication
1 42/M 23.2 52 7 phlegmonous inflammatory adhesions none
2 22/M 17.4 53 6 phlegmonous intestinal expansion none
3 74/M 24.4 86 10 perforated inflammatory adhesions none
4 81/M 28 60 11 perforated inflammatory adhesions none
5 52/M 18.9 75 11 catarrhal inflammatory adhesions none
6 33/M 21.5 64 8 phlegmonous intestinal expansion none
7 65/F 25.4 86 8 catarrhal obesity none
8 69/M 24.7 89 10 perforated inflammatory adhesions none
9 19/F 23 76 6 phlegmonous intestinal expansion none
10 70/M 26.5 197 14 perforated inflammatory adhesions none
11 67/M 23.4 131 12 phlegmonous inflammatory adhesions none
12 84/M 24.6 95 13 phlegmonous obesity none
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